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Reaction Scheme: 
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Table S1: Synthesis of 2,3-disubstituted isoindolin-1-ones 4a-s through a three-component 

reaction 

Entry 1 2 3a 4 Yield 
(%)a 

Melting 
Point (ºC) 

1 
CHO

COOH 

NH2

 

O

NH

 

N

N
H

O

O

CH3

4a  

 

 

87 

 

 

160-162 

2 
CHO

COOH 

NH2

 

O

NH

O  

N

N
H

O

O

OCH3

4b  
 

 

 

85 

 

 

148-150 

3 
CHO

COOH 

NH2

 

O

NH

F  

N

N
H

FO

O  
4c 

 

 

86 

 

 

182-184 

4 
CHO

COOH 

NH2

 

O

NH

Cl  

N

N
H

ClO

O  
4d 

 

 

90 

 

 

190-192 

5 
CHO

COOH 

NH2

 

O

NH

Cl 
N

N
H

O

O

Cl

 
4e 

 

 

88 

 

 

220-222 
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6 
CHO

COOH 

NH2

 

O

NH
Cl

 
N

N
H

O

O

Cl

 
4f 

 

 

85 

 

 

210-212 

7 
CHO

COOH 

NH2

 

O

NH

Cl
F  

N

N
H

O

O

Cl

F

 
4g 

 

 

81 

 

 

228-230 

8 
CHO

COOH 

NH2

 

O

NH

Br  

N

N
H

BrO

O  
4h 

 

 

79 

 

 

210-212 

9 
CHO

COOH 

NH2

 

O

NH

OH 
N

N
H

O

O

OH

 
4i 

 

 

80 

 

 

178-180 

10 
CHO

COOH 

NH2

 

O

NH

 
N

N
H

O

O  
4j 

 

 

80 

 

 

148-150 

11 
CHO

COOH 
CH3

NH2

 

O

NH

 

N

N
H

O

O

CH3

4k

CH3

 

 

 

78 

 

 

218-220 

12 
CHO

COOH 
F

NH2

 

O

NH

Cl 
N

N
H

O

O

Cl

F

 
4l 

 

 

82 

 

 

186-188 
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13 
CHO

COOH 
F

NH2

 

O

NH

 
N

N
H

O

O

F

 
4m 

 

 

84 

 

 

192-194 

14 
CHO

COOH 
F

NH2

 

O

NH

 

N

N
H

O

O

F

 
4n 

 

 

87 

 

 

212-214 

15 
CHO

COOH 

NH2

 

O

NH

Cl 

N

N
H

O

O

Cl

 
4o 

 

 

83 

 

 

192-194 

16 
CHO

COOH 

NH2

 

O

NH

Cl
F  

N

N
H

O

O

Cl

F

 
4p 

 

 

79 

 

 

202-204 

17 
CHO

COOH 

NH2

 

O

NH

O  

N

O

N
H

O
O

 
4q 

 

 

81 

 

 

188-190 

18 
CHO

COOH 
CH3

NH2

 

O

NH

 
N

N
H

O

O  
4r 

 

 

77 

 

 

160-162 

19 
CHO

COOH 
F

NH2

 

O

NH

Cl  

N

N
H

O

O

F

Cl

 
4s 

 

 

83 

 

 

 

194-196 
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20 
CHO

COOH 

NH2

 

O

NH

 

N

N
H

O

O  
4t 

 

 

80 

 

 

120-122 

21 
CHO

COOH 

NH2

 

O

NH

F  

N

N
H

O

O

F

 
4u 

 

78 

 

162-164 

aIsolated Yields (%) 
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Spectral Data of 4a-u: 

 

 

1H NMR spectra of compound 4a in CDCl3

N

N
H

O

O

CH3

1 3C NMR spectra of compound 4a in CDCl3

N

N
H

O

O

CH3



S7 
 

 

 

 

1H NMR spectra of compound 4b in CDCl3

N

N
H

OO

O

1 3C NMR spectra of compound 4b in CDCl3

N

N
H

OO

O
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1H NMR spectra of compound 4c in CDCl3

N

N
H

FO

O

1 3C NMR spectra of compound 4c in CDCl3

N

N
H

FO

O
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1H NMR spectra of compound 4d in CDCl3

N

N
H

ClO

O

1 3C NMR spectra of compound 4d in CDCl3

N

N
H

ClO

O
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1H NMR spectra of compound 4e in CDCl3

N

N
H

O

O

Cl

1 3C NMR spectra of compound 4e in CDCl3

N

N
H

O

O

Cl



S11 
 

 

 

 

 

1H NMR spectra of compound 4f in CDCl3

N

N
H

O

O

Cl

1 3C NMR spectra of compound 4f in CDCl3

N

N
H

O

O

Cl
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1H NMR spectra of compound 4g in CDCl3

N

N
H

O

O

Cl

F

1 3C NMR spectra of compound 4g in CDCl3

N

N
H

O

O

Cl

F
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1H NMR spectra of compound 4h in CDCl3

N

N
H

BrO

O

1 3C NMR spectra of compound 4h in CDCl3

N

N
H

BrO

O
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1H NMR spectra of compound 4i in CDCl3

N

N
H

O

O

OH

1 3C NMR spectra of compound 4i in CDCl3

N

N
H

O

O

OH
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1H NMR spectra of compound 4j in CDCl3

N

N
H

O

O

1 3C NMR spectra of compound 4j in CDCl3

N

N
H

O

O
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1H NMR spectra of compound 4k in CDCl3

N

N
H

O

O

CH3

CH3

1 3C NMR spectra of compound 4k in CDCl3

N

N
H

O

O

CH3

CH3
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1H NMR spectra of compound 4l in CDCl3

N

N
H

O

O

Cl

F

1 3C NMR spectra of compound 4l in CDCl3

N

N
H

O

O

Cl

F
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1H NMR spectra of compound 4m in CDCl3

N

N
H

O

O

F

13C NMR spectra of compound 4m in CDCl3

N

N
H

O

O

F
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1H NMR spectra of compound 4n in CDCl3

N

N
H

O

O

F

13C NMR spectra of compound 4n in CDCl3

N

N
H

O

O

F
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1H NMR spectra of compound 4o in CDCl3

N

N
H

O

O

Cl

13C NMR spectra of compound 4o in CDCl3

N

N
H

O

O

Cl
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1H NMR spectra of compound 4p in CDCl3

N

N
H

O

O

Cl

F

13C NMR spectra of compound 4p in CDCl3

N

N
H

O

O

Cl

F
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1H NMR spectra of compound 4q in CDCl3

N

O

N
H

O
O

13C NMR spectra of compound 4q in CDCl3

N

O

N
H

O
O
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1H NMR spectra of compound 4r in CDCl3

N

N
H

O

O

13C NMR spectra of compound 4r in CDCl3

N

N
H

O

O
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1H NMR spectra of compound 4s in CDCl3

N

N
H

O

O

F

Cl

1H NMR spectra of compound 4s in CDCl3

N

N
H

O

O

F

Cl
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N

N
H

O

O

1H NMR spectra of compound 4t in CDCl3

N

N
H

O

O

13C NMR spectra of compound 4t in CDCl3
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1H NMR spectra of compound 4u in CDCl3

N

N
H

O

O

F

13C NMR spectra of compound 4u in CDCl3

N

N
H

O

O

F
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Reaction Scheme: 

CHO

COOH
+ R1 NH2 +

N

O

R1

ZrO2 NPs

Solvent free
700C, 1.5 h

N

N

O

NH2

N
N

NH2

O

O
CH3

H3C

O

CH3

H3C

1 2 3b 5  
 

Table S2: Synthesis of isoindolin-1-ones 5a-d through a three-component reaction 

Entry 1 2 3a 4 Yield 
(%)a 

Melting 
Point (ºC) 

1 
CHO

COOH 

NH2

 

N

N

O
H3C

NH2
CH3

O

 
N

NN

NH2

O

O

O

5a  

 

 

85 

 

 

200-202 

2 
CHO

COOH 

NH2

CH3  

N

N

O
H3C

NH2
CH3

O

 
N

NN

NH2

O

O

O

CH3

5b  

 

 

88 

 

 

142-144 

3 
CHO

COOH 

NH2

F  

N

N

O
H3C

NH2
CH3

O

 
N

NN

NH2

O

O

O

F

5c  

 

 

80 

 

 

180-182 

4 
CHO

COOH 

NH2

 

N

N

O
H3C

NH2
CH3

O

 
N

NN

NH2

O

O

O

5d  

 

 

83 

 

 

160-162 

aIsolated Yields (%) 
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Spectral Data 5a-d: 

 

 

1H NMR spectra of compound 5a in d6-DMSO

N

NN

NH2

O

O

O

13C NMR spectra of compound 5a in d6-DMSO

N

NN

NH2

O

O

O
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1H NMR spectra of compound 5b in CDCl3

N

NN

NH2

O

O

O

CH3

13C NMR spectra of compound 5b in CDCl3

N

NN

NH2

O

O

O

CH3
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1H NMR spectra of compound 5c in CDCl3

N

NN

NH2

O

O

O

F

13C NMR spectra of compound 5c in CDCl3

N

NN

NH2

O

O

O

F
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13C NMR spectra of compound 5d in CDCl3

N

NN

NH2

O

O

O

1H NMR spectra of compound 5d in CDCl3

N

NN

NH2

O

O

O
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Reaction Scheme: 

CHO

COOH

+ R1 NH2 + N

O

R1
OHZrO2 NPs

Solvent free
750C, 1-1.5 h

O

1 2 6

O

O
R4

R4

3c

R4

R4

 

 

Table S3: Synthesis of isoindolin-1-ones 6a-d through a three-component reaction 

Entry 1 2 3c 6 Yield 
(%)a 

Literature m.p 
[1]/ Observed 

m.p (ºC) 

 

1 

 
CHO

COOH 

NH2

 

O

O
 

N

O

OH
O

 
6a 

 

 

95 

 

 

220 / 216-218 

2 
CHO

COOH 

NH2

CH3  

O

O
 

N

O

OH
O

CH3
6b 

 

 

92 

 

 

247 / 242-244 

3 
CHO

COOH 

NH2

F  

O

O 

N

O

OH
O

F
6c 

 

 

90 

 

 

229 / 230-232 

4 
CHO

COOH 

NH2

 

O

O
 

N

O

OH
O

6d 

 

 

87 

 

 
226-228 

aIsolated Yield(%) 
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Spectral data 6a-d: 

 

 

1H NMR spectra of compound 6a in CDCl3

N

O

OH
O

1H NMR spectra of compound 6b in CDCl3

N

O

OH
O

CH3
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1H NMR spectra of compound 6c in CDCl3

N

O

OH
O

F

1H NMR spectra of compound 6d in CDCl3

N

O

OH
O



S35 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

13C NMR spectra of compound 6d in CDCl3

N

O

OH
O
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Reaction Scheme: 

CHO

COOH
+ R1 NH2 +

ZrO2 NPs

Solvent free
700C, 2h

N
H

N R1

O

NH

1 2 3d 7  

 

Table S4: Synthesis of isoindolin-1-ones 7a-d through a three-component reaction 

Entry 1 2 3d 7 Yield 
(%)a 

Literature m.p [2]/ 
Observed m.p (ºC) 

 

1 

 
CHO

COOH 

NH2

 
N
H  N

O

NH

 
7a 

 

 

78 

 

 

209.4–211.2/206-

208 

2 
CHO

COOH 

NH2

CH3  

N
H  

N

O

NH

CH3 
7b 

 

 

83 

 

 

200-202 

3 
CHO

COOH 

NH2

F  

N
H  

N

O

NH

F 
7c 

 

 

84 

 

 

---- 

4 
CHO

COOH 

NH2

 
N
H  N

O

NH

 
7d 

 

 

80 

 

 

208.2–208.8/206-

208 

aIsolated Yield(%) 
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Spectral data 7a-d: 

 

 

1H NMR spectra of compound 7a in d6-DMSO

N

O

NH

13C NMR spectra of compound 7a in d6-DMSO

N

O

NH
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1H NMR spectra of compound 7b in d6-DMSO

N

O

NH

CH3

13C NMR spectra of compound 7b in d6-DMSO

N

O

NH

CH3
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1H NMR spectra of compound 7c in d6-DMSO

N

O

NH

F

N

O

NH

F

13C NMR spectra of compound 7c in d6-DMSO
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1H NMR spectra of compound 7d in d6-DMSO

N

O

NH

13C NMR spectra of compound 7d in d6-DMSO

N

O

NH
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Preparation of the Catalyst: 

Preparation of ZrO2 nano particle: A solution of ZrO2Cl2.8H2O was condensed under a 

basic medium (pH ∼ 10) at 0–5 °C and the solution was stirred for 24 h at 100°C. The 

colloidal particles were recovered by centrifugation, washed several times with water, dried 

and finally, the NPs were calcined at 500 °C for 4 h.3 

 

Infrared spectra: The infrared spectrum of fresh ZrO2 was depicted in Fig. S1a. The 

fresh ZrO2 showed a characteristic broad band at 3453cm-1 and a broad band between 1600-

1635 cm-1, which are assigned to the O–H modes of chemisorbed water and/or terminated 

hydroxides at the surface of the nanoparticles.4,5  The infrared spectra of reused catalyst after 

five runs is depicted in Fig. S1b. It is important to note that all corresponding peaks are intact 

without any major change in characteristics peak which indicates that structure of catalyst 

doesn’t change even after 5 cycles. 
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Fig. S1 (a) FT-IR spectra of fresh ZrO2 NP’s and (b) reused ZrO2 NP’s after 5th cycle 
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(b)Reused ZrO2 NP’s 

(a)Freshly prepared ZrO2 NP’s 


